Abstract. Objective: to investigate the long-term functional outcome in patients with ischemic stroke, and to investigate whether there is a functional difference between the left and the right cerebral hemispheric lesion. Methods: 489 subjects who had supratentorial ischemic lesions ≥20 mm in diameter by MRI. We sent a mailed questionnaire to these patients two years after stroke onset. Two hundred and ninety-one patients responded to our letters. One hundred and fifty patients had left cerebral hemispheric lesion (LHL), and 141 had right hemispheric lesion (RHL). We graded the stage of the locomotion function into 5 categories: normal, walk alone with cane and/or brace, walk with aid, wheelchair, and bedridden. Results: were as follows; 1) There was no significant difference of locomotion function between LHL and RHL at the time of discharge as well as 2 years after onset, although patients with RHL had a tendency to poor prognosis for bathing activities and dressing activities (p=0.0994, p=0.0728, respectively). 2) Longterm outcome of locomotion function in patients with LHL <65 years was significantly better than that in patients ≥65 years (p=0.0199). Conclusion: In patients with ischemic stroke there was no significant difference of locomotion function between left cerebral hemispheric lesion and right cerebral hemispheric lesion at the time of discharge as well as 2 years after onset. Although the functional prognosis did not differ with regard to left versus right cerebral hemispheric lesions if the age was not considered, there was a difference when age was taken into consideration.
INTRODUCTION
Systematic studies on stroke outcomes have their origins in the studies conducted in the 1950's by Twitchell 1) , who followed the natural course of paralysis and identified the patterns of recovery. These studies demonstrated that recovery of hemiplegia from stroke occurred in the order, complete paralysis at the onset to synergic movement, decrease in spasticity, and improvement in voluntary movement, and this pattern was useful in predicting outcome. In the 1960's through 1 970 's, v ario us ev alu atio n m e tho ds w ere developed, and scoring of self-care activities and locomotion functions came to be used in studies. Studies conducted in the 1970's through 1980's sought to identify prognostic factors and to analyze the parameters that determined functional outcome and survival. Jongbloed 2 ) pointed-out that functional prognosis is influenced by a previous stroke, older age, urinary and bowel incontinence, and visuo-spatial deficits, but that none of these were strong factors. In the 1980's, Sheikh et al. 3) , reported that significant parameters were older age, urinary incontinence and functional level at the acute phase. Wade and Hewer 4) indicated that a comparison of left and right cerebral hemispheric lesions showed no functional differences based on the Barthel Index but there were significantly more perceptual impairments in patients with right cerebral hemispheric lesions. Studies in the 1990's re-evaluated the prior literature, assessed the effect of a caregiver on functional prognosis 5, 6) , and compared functional improvement and costeffectiveness [7] [8] [9] . However, because these studies involved various characteristics in the patient population being analyzed and the parameters analyzed differed depending on the investigator, uniform comparisons can not be carried out. The present study was restricted to patients with ischemic stroke to determine whether there were d i ff er en c e s be tw ee n t he l e ft v er su s r ig h t hemispheric location of the lesion with respect to the locomotion function and activities of daily living (ADL) at time of discharge and 2 years.
SUBJECTS
The patient population studied was 2,898 patients admitted to the Kitasato University Hospital for onset of stroke in the acute phase from March 5, 1986 to September 19, 1997. The ratio of cerebral hemorrhage to ischemic stroke was about 2:3. Among these patients, the study eligibility was restricted to patients with the first ischemic stroke whose lesion or type is supratentorial (i.e., thrombotic ischemic stroke and cardiogenic cerebral embolus), and excluded patients with lacunar infarction of less than 20 mm diameter as determined by MRI. Four hundred and eighty-nine patients with an infarcted lesion of moderate size or larger were studied. By sex, there were 305 men and 184 women. The period of time from onset of stroke to admission was 3 days or less for 453 patients.
METHODS
Demographic, anamnestic, and clinical data were collected with respect to the involved hemisphere, size of lesion, extent of loss of consciousness at time of admission, higher cortical symptoms, presence of medical complications, locomotion function at time of discharge, age, and sex. At about 2 years after stroke onset, an outcome survey was conducted using a mailed questionnaire, sent on five occasions in 1990, 1993, 1995, 1997, and 1999 .
The size of the lesion was confirmed by MRI, and the patients were divided into those with moderate lesions with a lesion diameter of 20 mm or larger, and those with more than two-thirds of the cerebral lobe lesion were classified as large lesions. The extent of impairment of consciousness was classified into four levels of alertness, somnolence, stupor, and coma according to the Japan Coma Scale. The patients were surveyed for cortical symptoms during hospitalization, such as unilateral spatial neglect, asomatognosia/anosognosia, aphasia (fluent or non-fluent), and other parameters. Concurrent complications were classified as hypertension, diabetes mellitus, heart disease (atrial fibrillation, mitral valve stenosis, ventricular septal defect, prior heart surgery, old myocardial infarction, sinus sick syndrome), and other (hyperlipidemia, chronic renal failure, etc.). Locomotion function at discharge was rated according to 5 levels: x walk normally, ➁ walk independently with a cane and/or other orthosis, ➂ walk with assistance or supervision, ➃ unable to walk, require wheelchair for locomotion, ➄ bedridden ( Table 1 ). The survey questionnaire assessed survival at 2 years after stroke onset, date and cause of any decease, and in the surviving patients, the activities of daily living (ADL) of locomotion function, feeding, urinary control, bathing, and dressing were evaluated according to 5 levels by the patient or the main caretaker. The five levels for these parameters were as follows. The locomotion function was assessed in the same manner as at time of discharge: x walk normally, ➁ walk independently with a cane and/or other orthosis, ➂ walk with assistance or supervision, ➃ unable to walk, require wheelchair for locomotion, ➄ bedridden. Feeding was assessed as x complete independence, ➁ slightly slow, but no help needed, ➂ somewhat clumsy, but no help needed, ➃ some help needed, ➄ needs help. Excretion and the control of urinary incontinence was evaluated as x complete independence, ➁ unusual accidents, but no help needed, ➂ occasional accidents, ➃ put diapers on, and some help needed, ➄ needs help. Bathing was assessed as x complete independence, ➁ minimum assistance, but able to perform individually, ➂ requires assistance for washing, ➃ maximum assistance for bathing, ➄ sponge bath only, or mechanical aids. Dressing was x complete independence, ➁ slightly slow, but no help needed, ➂ occasional assistance, ➃ needs help, ➄ helpless. The subjects were stratified according to the location of the lesion in the left or right hemisphere, and differences between the two groups were tested for significance by the one-tail t-test, chi-square test, or Spearman rank correlation, and the level of significance was set at 5%.
RESULTS
Among the 489 patients, 67 patients who deceased during hospitalization (18 patients with thrombotic ischemic stroke, and 49 patients with cardiogenic cerebral embolism) were excluded. The questionnaire was sent to 422 subjects, and responses were obtained from 364 patients, resulting in a response rate of 86.3%. Thirty-three patients had missing data in the survey and were excluded, so 331 patients remained: 166 patients with left cerebral hemispheric lesions, and 165 patients with right cerebral hemispheric lesions. Sixteen patients with left cerebral hemispheric lesions and 24 patients with right cerebral hemispheric lesions deceased within the two-year period after the stroke. Final analysis excluded these patients, so that 150 patients with left cerebral hemispheric lesions and 141 patients with right cerebral hemispheric lesions, or 291 patients in total, were studied. Table 2 shows the subject characteristics grouped according to left versus right cerebral hemispheric lesion. There were no significant differences in the mean age or sex distribution between the patients with left versus right cerebral hemispheric lesions. When classified according to the lesion size by MRI findings, 226 patients had a moderate stroke (diameter 20 mm or larger) and 65 patients had a large stroke (lobe-level size). When grouped according to left versus right cerebral hemispheric lesion, there were 117 patients with moderate infarct and 33 patients with large infarct involving the left hemisphere and 109 patients with moderate infarct and 32 patients with a large infarct involving the right hemisphere; there were no significant differences in the distribution. The analysis of the level of consciousness at time of admission, evaluated according to the Japan Coma Scale, showed no significant differences in the degree of disturbance of consciousness between the left versus right cerebral hemispheric lesions. To evaluate the medical complications, the number of patients with co-existing hypertension, diabetes mellitus, heart disease, and others were totalled. The frequency of medical complications did not differ between the left versus right cerebral hemispheric lesions. Table 3 shows the data on locomotion function. Among the patients with a left cerebral hemispheric lesion, 101 patients walked normally, 14 patients were able to walk with cane and/or other orthosis, 23 patients walked with assistance, 12 patients used a wheelchair, and no patient was bedridden, while the locomotion functions of patients with a right cerebral hemispheric lesion were 80 patients, 21 patients, 32 patients, 7 patients, and 1 patient respectively. There was no significant difference in the locomotion function at discharge between the patients with left versus right cerebral hemispheric lesions (χ 2 =7.354 p=0.1183). In the survey conducted at 2 years, the locomotion function compared to the function at the time of discharge showed a decrease in the number of patients with normal function and an increase in number of patients who used a wheelchair or were bedridden, but there was no significant difference between the left versus right cerebral hemispheric lesions (χ 2 =3.673 p=0.4520).
Subject characteristics

Locomotion function
ADL
There were no differences in the degree of disability in the ADL surveyed, namely feeding, urinary control, bathing and dressing, between patients with left versus right hemispheric lesions. Table 4 compares the feeding; Table 5 shows urinary control; Table 6 shows bathing; and Table 7 shows dressing. For bathing and dressing, comparison of whether or not assistance was needed showed that for bathing, 72.0% of the patients with left cerebral hemispheric lesion did not require assistance compared to 58.9% with right cerebral hemispheric lesion. For dressing, 76.7% of patients with left cerebral hemispheric lesion did not require assistance, compared to 62.4% of patients with right cerebral hemispheric lesion. Both differences were significant (χ 2 =5.559 p=0.0184, χ 2 =5.307 p=0.0212, respectively).
Age
In order to determine the effect of age, the patients were divided into the age groups of less than 65 years of age (n=137) and 65 years or older (n=154). Among patients with a left cerebral hemispheric lesion, 70 patients were less than 65 years old and 80 patients were 65 years old or older, while in patients with a right cerebral hemispheric lesion, the breakdown was 67 patients and 74 patients respectively, and the distribution was not significantly different (χ 2 =0.021, p=0.8844). When the locomotion function was compared among the patients with left versus right cerebral hemispheric lesions, as indicated in Table 8 , there were no differences at the time of discharge among the patients less than 65 years of age (χ 2 =4.407, p=0.2208), but a survey conducted 2 years later showed a significantly better locomotion function in the patients with a left cerebral hemispheric lesion (χ 2 =11.677, p=0.0199). On the other hand, the 65 years old and older age group showed no differences in the left versus right lesions at the time of discharge and at the 2 year follow up (χ 2 =4.558 p=0.3357, χ 2 =2.682 p=0.6124, respectively). When the differences in the age were compared within each hemispheric group, the patients with a left hemispheric lesion and less than 65 years old age had significantly better locomotion function at time of discharge and 2 years later compared to patients who were 65 years old or older (χ 2 =8.171 p=0.0426, χ 2 =22.900 p=0.0001, respectively). In patients with a right cerebral hemispheric lesion, the locomotion function was not significantly different (χ 2 =4.864 p=0.3015), but after two years was significantly better in patients who were less than 65 years of age (χ 2 =16.199 p=0.0028). With respect to the outcome of locomotion function during the two years after the stroke onset, if decease was taken as the most serious outcome, the analysis of the data including deceased gave the distribution shown in Table 9 . For both left and right cerebral hemispheric lesions, improved function after discharge was seen more frequently among patients who were less than 65 years of age, while declining function or decease were more frequently seen in patients who were 65 years or older.
Higher cortical function
Unilateral spatial neglect and anosognosia (designated as the (+) neglect group), which are primarily manifestations of lesions in the parietal lobe of the non-dominant hemisphere, were noted as an impairment of the higher cortical function at the time of discharge in 29 patients with a right cerebral hemispheric lesion (none in the patients with left cerebral hemispheric lesion), as shown in Fig. 1 . Comparison of the (+) neglect group versus the (-) neglect group showed that the locomotion function at discharge was significantly worse in the (+) neglect group (χ 2 =12.161 p=0.0162). In the survey conducted after 2 years, the locomotion function tended to be worse in the (+) neglect group, but this difference was not statistically significant (χ 2 =8.501 p=0.0748). When classified according to the size of the lesion, of the 226 patients with a moderate sized lesion, 21 patients in the (+) neglect group had significantly worse locomotion function at discharge and at 2 years later (χ 2 =9.927 p=0.0192). Among the 65 patients with a large lesion, presence of neglect had no effect on the locomotion function at discharge and at 2 years (χ 2 =6.096 p=0.1921, χ 2 =4.017 p=0.4037, respectively). Aphasia was classified according to non-fluent aphasia and fluent aphasia, and the prognosis for locomotion function determined. There were no significant differences between non-fluent aphasia and fluent aphasia groups at time of discharge and 2 years later (χ 2 =2.019 p=0.7322, χ 2 =8.787 p=0.1448, respectively).
Sex differences
Analysis of sex differences in the locomotion at time of discharge and 2 years later indicated that overall, there were a significantly greater number of men with better locomotion function than women (χ 2 =12.978 p=0.0114). However, when compared according to left versus right hemispheric lesions, there were no significant differences at time of discharge and at 2 years later (χ 2 =6.484 p=0.1658, χ 2 =7.496 p=0.1119, respectively).
Correlation with prognosis of locomotion function
The locomotion function at discharge and at 2 years was analyzed by Spearman rank correlation for 1) all patients, 2) left cerebral hemispheric lesion only, and 3) right cerebral hemispheric lesion only. A significant correlation was observed in all three groups (Table 10) . When restricted to patients in the (+) neglect group, the correlation between locomotion function at discharge and at 2 years was poor and not significant.
DISCUSSION
Studies on the functional prognosis in stroke patients have emphasized the severity of the stroke itself, and many have noted that this is determined by the type of stroke, and size and location of lesion. Reports by Kanda et al. 10) , and Kurokawa and Matsunaga 11) , indicated that decease within 1 month of hospitalization occurred in 32.0% of patients with intracerebral hemorrhage, 25.1% with cardiogenic cerebral embolus, and 8.3% thrombotic ischemic stroke, so that from the standpoint of survival, ischemic stroke patients had the best prognosis. In addition, it has been reported that patients with larger lesions had poorer prognosis with respect to locomotion function, and when analyzed according to type of lesion, this trend was greater in the following order: thrombotic ischemic stroke, cardiogenic cerebral embolic stroke, and intracerebral hemorrhage. Furthermore, with respect to age, as with prior reports, the degree of functional impairment worsened with increasing (2) : LHL+RHL ρ=0.729 p<0.0001 (D) and (2) : LHL ρ=0.743 p<0.0001 (D) and (2) : RHL ρ=0.706 p<0.0001 neglect (+) (D) and (2) age, but among patients with thrombotic ischemic stroke, about 63% of patients who were 65 years old or older walked normally or were able to walk without assistance, which was more than twice the 30.2% figure seen in patients with intracerebral hemorrhage. In the present study, which was restricted to ischemic stroke patients with supratentorial lesions of moderate size or larger, we sought to determine whether there is a difference between the left versus right cerebral hemispheric lesions and found no significant differences in the locomotion function and the ADLs of feeding, urinary control, bathing, and dressing at time of discharge and at two years follow up. For patients who were discharged 1-1.5 months after the stroke onset, the recovery of physical function and ability of ADLs appears insufficient, and a rehabilitation program centered on appropriate physical therapy is desirable. Among the patients studied here, almost all patients who were unable to walk without assistance were transferred to a convalescence rehabilitation facility. Patients with hemiplegia could use the non-affected side, even though it may not be a dominant hand or foot, and within 2 years after stroke onset, physical function was sufficiently regained, regardless of the differences in the left versus right location of the cerebral hemispheric lesion.
To analyse the influence of age, the patients were divided into groups of patients less than 65 years of age and those 65 years old or older. Prior reports have indicated that elderly patients generally have a worse prognosis. When compared according to the affected hemisphere, younger patients with left cerebral hemispheric lesions showed better locomotion function than patients with right cerebral hemispheric lesions, and among all left cerebral hemispheric lesion patients, the locomotion function at discharge and at two years was better among younger patients. However, although age had no effect on the locomotion function at discharge among the right cerebral hemispheric lesion patients, the locomotion function at 2 years was worse in the older patient group. Although the functional prognosis did not differ with regard to left versus right cerebral hemispheric lesions if the age was not considered, there was a difference when age was taken into consideration. This trend of declining locomotion function among the elderly patients at discharge should be studied further.
Analysis of the (+) neglect group showed worse function at discharge compared to the (-) neglect group, in agreement with prior reports, but this difference was no longer present at 2 years and the correlation was poor. In ischemic stroke patients with a slight or moderate degree of (+) neglect, these manifestations may improve during 2 years, and it is thought that functional prognosis is poor if the neglect symptoms continue, but that if neglect symptoms improve, the locomotion function also improves.
With regard to association with aphasia, the responsible lesion for the non-fluent type is close to the motor cortex region controlling the upper and lower extremities and may be expected to affect functional prognosis, but the present study showed that the locomotion function was not affected. The studies by Niki 12) on impaired function in stroke patients also indicated little effect of aphasia on functional impairment, in agreement with the data of the present study.
The rehabilitation of stroke patients requires the preparation of a physical therapy program in the acute stage that takes into account the long-term prognosis of the locomotion function. As indicated in many prior reports [13] [14] [15] [16] , during the acute stage after the stroke onset, prognostic factors which predict functional outcome are the type of stroke, s i z e o f l e s i o n , d e g r e e o f d i s t u r b a n c e o f consciousness, degree of paralysis, age, left versus right cerebral hemispheric lesion, and higher cortical dysfunction. So it is necessary to prepare the physical therapy program based on a multivariate analysis. At 2 years after the stroke onset, which can be said to be the chronic phase of the illness, the factors analyzed in this study showed no significant differences with respect to the outcome of locomotion function and in the various ADL functions. However, it is thought that age affects long-term prognosis, in as much as physical activity and social activity decline with age. In view of the currently aging society, it is important to identify measures to prevent the decrease in the functional performance of elderly patients with hemiplegia.
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